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Alzheimer'S disease is estimated as the underlying cause in 50-60% of dementia cases [1] . Therefore, it represents a serious health problem for the elderly , with about 15% of those over 65 demonstrating some degree of dementia [2] . Although the ability to diagnose Alzheimer's disease Clinically has improved [3] , there is still a need to increase the accuracy of in vivo diagnosis. MR imaging has shown unprecedented sensitivity in detecting pathologic changes of the brain and has the potential to contribute to this goal. The occurrence of white-matter signal abnormalities on MR has been noted with increasing age [4] [5] [6] , and extensive white-matter damage has been demonstrated in patients suffering from presumed vascular dementia [5 , 7, 8] . However, reports dealing with the MR appearance of Alzheimer's disease have been anecdotal and controversial. Whereas some investigators have found no signal abnormalities in Alzheimer's disease [9] , others have reported almost as many abnormalities as are seen in multiinfarct dementia (MID) [10) . More information is needed to evaluate fully the potential of MR in the diagnosis of dementia.
This report attempts to describe the type and frequency of signal abnormalities that may be observed in patients with a clinical diagnosis of Alzheimer's disease and contrasts these with findings in healthy elderly controls and patients with MID . To our knowledge this is the first time a high-field MR system has been used to address this question.
Subjects and Methods
The 25 subjects in this study were selected from a group of elderly indi viduals currently under investigation at our institution for cerebral abnormalities associated with normal aging and dementia. These subjects were carefully screened by a neurologist and underwent a comprehensive laboratory evaluation consisting of an automated blood chemistry battery, tests for vitamin B12 deficiency and thyroid dysfunction, as well as ECG , electroencephalogram , and chest radiograph . All subjects underwent CT, MR , and positron em mission tomography scanning. The mini-mental state examination [11] and the Blessed dementia scale [12] were included as part of the neuropsychological test battery.
In 12 subjects a diagnosis of Alzheimer's disease was established according to clinical diagnostic criteria set forth in the DSM III (Diagnostic and Statistical Manual of Mental Disorders) [13] and expanded on by an NINCDS-ADRDA consensus committee [14] . All Alzheimer patients scored 2 or less on a modification of Hachinski's vascular dementia scale [15] and demonstrated no other clinical cause for their dementing illness . In four other demented subjects a RosenHachinski score [15] of greater than 4 suggested a multi infarct state as the cause of dementia. Impairment was defined by mini-mental state examination scores as mild (> 20) , moderate (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and severe (10 or less). Nine healthy elderly control subjects were also studied and were found to be free of any neurologic, psychiatric, or major systemic illnesses, although one subject had diabetes and two had a history of hypertension. The mean ages in these groups were 69 (Alzheimer), 70 (MID), and 68 (healthy controls) years old , respectively.
MR was performed on a General Electric imaging unit with a superconducting magnet to generate a field strength of 1.5 T. Image acquisition was performed with a spin-echo technique, the pulse sequences being repetition time (TR) 600-800 msec/echo time (TE) 20-25 msec for T1-weighted and TR 1500-2500 msecfTE 25-120 msec for T2-weighted images. Sagittal , axial, and coronal scans were available in every subject and interpreted by a neuroradiologist blinded to the clinical diagnosis.
A modification of suggested rating scales [5, 6] was used to describe the different types of hyperintense signal abnormalities surrounding the ventricles and in the deep white matter. Periventricular hyperintensity (PVH) was graded as 0 = absence, 1 = "caps " or pencil-thin lining, 2 = smooth "halo, " 3 = irregular PVH extending into the deep white matter. Separate deep white matter hyperintense signals (DWMH) were rated as 0 = absence, 1 = punctate foci , 2 = beginning confluence of foci, 3 = large confluent areas .
The occurrence of these types of abnormality as well as the presence of other signal intensity changes were recorded for dementia patients (Alzheimer and MID) and controls, and compared among the groups. The effects of age, vascular risk factors , and dementia severity on the degree and nature of the signal abnormalities were assessed .
Results
MR revealed a variety of signal abnormalities in controls, as well as in patients with Alzheimer's disease and MID . These findings together with the subjects' clinical data are listed in Table 1 and are discussed below. Note.-PVH = periventricular hyperintensity; DWMH = deep white-matter hyperintensity; H = hypertension; CAD = coronary artery disease; CH = cortical hyperintensity ; D = diabetes mellitus; BGL = basal ganglionic lesions; I = "classical" infarcts (infarcts confined to typical vascular territories).
Periventricu/ar Hyperintensity
In controls, areas of abnormal high signal intensity around the ventricles were either absent or seen as caps or a pencilthin lining of periventricular hyperintensity (PVH) (Fig. 1) . The sole exception was a grade-3 PVH pattern in a healthy 83-year-old individual with a history of hypertension. PVH was noted in 10 of 12 Alzheimer subjects, with six showing a halo (Fig . 2C ) of high signal intensity around the ventricles . The proportion of Alzheimer patients with a PVH score of 2 was significantly different from that in controls (Table 2 ). In contrast to Alzheimer patients and controls, three MID subjects (75%) showed an irregular PVH extending into the deep white matter (Fig . 38) .
Deep White -Matter Hyperintensity
The incidence and extent of deep white-matter hyperintensity (DWMH) seen in Alzheimer patients was comparable to that observed in controls . About 60% of all subjects had some foci of DWMH . However, confluent areas of DWMH (Fig . 3) were present only in MID (two patients) ( Table 2 ) . 
Miscellaneous Findings
Areas of high signal intensity in cortical regions were also noted on some MR studies. In five Alzheimer patients the cortex of the sylvian and/or hippocampal-uncal regions appeared bright on T2-weighted images ( Figs. 2A and 2B) . Similar changes were seen in two MID subjects but were not seen in any of the controls . MR of Alzheimer subjects revealed no basal ganglionic lesions or "classical " infarcts. However, such abnormalities were common in MID ( Table 2) .
Correlation of MR Findings with Clinical Data
capabilities of CT in supporting the diagnosis of Alzheimer's disease have been restricted to imaging diffuse cerebral atrophy considered inappropriate for the patient's age . Reports on changes in brain density with Alzheimer's disease have been controversial [16, 17] .
Early experience with MR has already demonstrated its greater sensitivity in detecting cerebral abnormalities in comparison with CT [18, 19] . This is particularly true for whitematter lesions, which can be detected readily by highlighting T2 relaxation with a long spin-echo pulse-sequence method [20] . The possibility of a distinct white-matter disorder in Alzheimer's disease reported recently in a pathoanatomic study by Brun and Englund [21] supports the rationale of The presence of a halo of PVH in Alzheimer subjects was applying MR in the evaluation of this disease. Nevertheless, not correlated with the severity of dementia, nor was there a the number of white-matter signal abnormalities observed in correlation of dementia severity with any other signal abnorAlzheimer'S disease in this study is somewhat surprising. mality detected in these individuals. There was no relationship
Our results support the observation that foci of high signal between a type 1 or 2 PVH or DWMH and vascular risk ....-intensity in the deep white matter are commonly seen in factors (see Table 1 ). There was a history of hypertension, clinically normal elderly individuals [5, 22] . In contrast to a however, in all subjects with an irregular PVH extending into report by Erkinjuntti et al. [9] , a similar frequenc an ent the deep white matter or with confluent areas of DWMH of such deep white-matter lesions were seen in Alzheimer (grade 3 lesions). PVH and DWMH were observed more often patients. ne more extensive signal changes irlThe deep in the older subjects in this series, but the presence or type --W-nife"'" matter seen in two of our MID patients were recently of white-matter signal abnormality could not be predicted on described with vascular dementia [7, 8] . In our series such the basis of a subject's age. All subjects without any PVH widespread lesions were not present either in Alzheimer abnormalities, however, were younger than 70 years. patients or in controls . ] herf) re such a findin sho cLr:uJ.e against a dia nosis of pure Alzheimer's dis §~. The extensive deep white-matter changes observed in an 85-year-old
Discussion
In recent years the routine neuroimaging study of the brain in Alzheimer's disease has been CT, the aim being to exclude possible treatable causes of the dementia. Otherwise, the Alzheimer patient with a gait disturbance in the series of George et al. [22] presumably reflects marked vascular damage in addition to Alzheimer's disease. Therefore, this case would be classified as a mixed type of dementia [23] , a speculation supported by the neuropathologic observations of similar patients by the same authors [24] . In our experience of decreased white-matter density on CT [16] is consistent the smaller white-matter lesions (punctate foci of hyperintenswith increased interstitial water. White-matter changes such ity or even beginning confluence of DWMH) are of no value in as those described by Brun and Englund [21] might be the distinguishing Alzheimer patients from controls .
underlying pathologic substrate, and MR might detect their The white-matter signal abnormalities we have seen in our distant effects as increased periventricular water rather than Alzheimer patients do not appear to be identical to the whiteas the actual lesion. matter pathology described by Brun and Englund [21] . They Although its pathologic basis may not be clear, the appearobserved large, diffuse, predominantly symmetric areas in the ance of the halo of hy erint Alzheimer's disease is deep white matter with partial loss ofaxons, myelin sheaths, an important empirical observation. To date this pattern of and oligodendroglial cells, accompanied by a mild reactive PVH has been mostly ascribed to hydrocephalus [6] and has astrocytosis; in our series MR revealed only punctate or been claimed to be a very reliable diagnostic sign in normalslightly confluent areas of high signal abnormality. Either these pressure hydrocephalus [26] . Since normal-pressure hydrolesions do not produce enough change in tissue proton arrays cephal us might be considered in the differential diagnosis of to be fully detected by MR-their pathologic appearance Alzheimer's disease, yet requires substantially different manbeing different from pronounced ischemic damage-or they agement, the notion of a similar PVH pattern in Alzheimer's have not been present in our patients. Pathologically condisease may be critical. Our subjects suffering from Alzfirmed severe ischemic changes in the deep white matter heimer's disbase had no clinical or radiologic signs suggestive have been shown to cause extensive signal hyperintensity [7] .
of normal-pressure hydrocephalus . The similar extent, frequency, and distribution of the deep On the basis of the above discussion ,-.9ne may speculate white-matter signal abnormalities seen in both healthy elderly that the rim of PVH in normal subjects widens with advancing individuals and Alzheimer patients suggest a common etiolage, making it similar to that of Alzheimer patients. Our ogy. Possibilities include local ischemia or focal parenchymal experience wlttllV1Win norma pa len s over 0 years old is degeneration due to aging . Whereas the presence of vascular too limited to evaluate this possibility. risk factors was not correlated with the occurrence of such
In accordance with pathologic [23] and CT data,_MR deminor signal abnormalities, all patients (cases 13, 14, 15, and tected no typical infarcts or basal ganglionic lesions in Alz- . J~!ientsand was not present in controls or MID. In a review heimer and two MID patients. It is likely that such abnormal iof 365 cerebral cases studied by MR , a similar pattern of PVH ties affecting the hippocampus reflect changes that have was invariably associated with a specific disease process, for occurred in the cortical structure. A disturbed quantitative example, hydrocephalus, supratentorial neoplasms, trauma, relationship of neurons to glia and associated degenerative and rarely white-matter disease [6] . Given the smooth margin changes (that is, a high number of senile plaques and fibrillary of this halolike abnormality, it seems unlikely that ischemia or tangles) may be the basis for these signal-intensity changes . demyelination would be the cause. It may rather represent an
The topography of these histopathologic alterations seen in exaggeration of a similar process that has been hypothesized Alzheimer's disease corresponds well with the hippocampal to cause the pencil-thin lining of PVH, more often observed in hyperintensity detected on MR [28] . Congophilic angiopathy older subjects with otherwise normal MR studies [6] . This affecting cortical vessels with secondary parenchymal latter hypothesis is supported by our data, since all patients changes may represent another possible explanation for the without PVH were younger than 70 years. It has been sugobserved hyperintense cortical signals. Pathologically those gested that the periventricular subependymallining of hyperchanges have been reported to occur less often in the hipintensity reflects an increase in interstitial water reabsorption pocampus, however, than in other regions of the brain [29] . from the white matter into the ventricles [6] . This explanation
In summary , MR has demonstrated its ability to detect is consistent with the observation that caps of PVH seem to parenchymal changes in the brains of Alzheimer patients who be present first, since the area that has to be drained of have not been seen before with high-resolution CT. The interstitial water will be greatest for the tips of the ventricles .
implication of a signal abnormality differs with its type. Small In patients with Alzheimer's disease this bulk flow to the discrete foci of DWMH are neither characteristic m .l\l' Z:-ventricles would therefore seem to be further enhanced . -:heimer's disease nor do they implicate a vascular cause-ot Unfortunately, no studies directly address the question of dementia, since they are seen to a similar extent in healthy_ interstitial water content in Alzheimer's disease, although elderly individuals. Furthermore esions apthere is some indirect support from previous radiologic studpear to be unrelated to th r n e of vascular risk factors . ies. Besson et al. [25] , calculating the proton density of white smooth halo of PVH , however, is a distinctive findin in matter on MR scans , reported a water content of white matter z elmer s disease. Areas of cortical signal hyperintensity in Alzheimer's disease that was significantly increased over observed in Alzheimer patients may reflect the disease procthat of both controls and MID patients. Similarly, the finding ess Itself.
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